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provided it is propeObjective: To analyse trends in under-five mortality rate in South Africa (1990–2011),
particularly the contribution of AIDS deaths.
Methods: Three nationally used models for estimating AIDS deaths in children were
systematically reviewed. The model outputs were compared with under-five mortality
rate estimates for South Africa from two global estimation models. All estimates were
compared with available empirical data.
Results: Differences between the models resulted in varying point estimates for under-
five mortality but the trends were similar, with mortality increasing to a peak around
2005. The three models showing the contribution of AIDS suggest a maximum of 37–
39% of child deaths were due to AIDS in 2004–2005 which has since declined.
Although the rate of progress from 1990 is not the 4.4% needed to meet Millennium
Development Goal 4 for child survival, South Africa’s average annual rate of under-five
mortality decline between 2006 and 2011 was between 6.3 and 10.2%.
Conclusion: In 2005, South Africa was one of only four countries globally with an
under-five mortality rate higher than the 1990MillenniumDevelopment Goal baseline.
Over the past 5 years, the country has achieved a rate of child mortality reduction
exceeded by only three other countries. This rapid turnaround is likely due to scale-up
of prevention of mother-to-child transmission of HIV, and to a lesser degree, the
expanded roll-out of antiretroviral therapy. Emphasis on these programmes must
continue, but failure to address other aspects of care including integrated high-quality
maternal and neonatal care means that the decline in child mortality could stall.
 2013 Wolters Kluwer Health | Lippincott Williams & WilkinsAIDS 2013, 27:2637–2648Keywords: AIDS models, child mortality, epidemiology, Millennium
Development Goals, neonatal mortality, prevention of mother-to-child
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2638 AIDS 2013, Vol 27 No 16changes are believed to have recently reversed this trend,
yet there has been a lack of empirical data, particularly for
child deaths due to AIDS. [2–5] Effective implementa-
tion was hampered by denial of the HIV epidemic and
weak political leadership but also by uncertainty around
the numbers and causes of deaths [6–8]. This led to the
Department of Health declaring the country ‘on course’
for meeting all MDGs [9] at the same time that United
Nation sources stated that the country was making ‘no
progress’ towards MDG 4 for child survival [10].
There has been limited nationally representative data to
assess progress towards the MDGs. Like many emerging
economies, South Africa has made efforts to improve
completeness of vital registration, making the shift from
poor quality vital registration data to medium quality
[2,11]. However, deaths due to AIDS at all ages have been
poorly identified through vital registration [2–4]. The
mortality estimates obtained by the most recent
population-based household survey which directly
measured birth history are regarded as inaccurate due
to data quality concerns [12]. Other sources of data exist
to triangulate with vital registration and other household
survey estimates but each have particular weaknesses with
respect to population coverage and/or quality [3].
Although the quality of vital registration continues to
improve, modelled estimates still play an important role in
guiding policy priorities and promoting accountability
for improving child survival including HIV prevention
and treatment.
Several models have been used to estimate national and
provincial population demographics and evaluate a wide
range of HIV prevention and treatment programmes
(Table 1) [13–15]. Spectrum, a modular computer
programme designed to examine the impact of inter-
ventions on health outcomes, was developed by Futures
Institute in collaboration with other organizations,
including USAID, UNAIDS, WHO and UNICEF.
Spectrum’s AIDS Impact Module (AIM) can be used
to assess the impact of HIV/AIDS at national and
subnational level [15]. The Actuarial Society of South
Africa’s (ASSA) models have also been widely used to
estimate AIDS deaths nationally and provincially [14]. A
model developed by the Centre for Infectious Disease
Epidemiology and Research at the University of Cape
Town (UCT), based on ASSA demographic assumptions,
simulates paediatric HIV transmission and survival [13].
The United Nations Interagency Group for Mortality
Estimation (UN-IGME), comprised of representatives
from UNICEF, WHO, the World Bank, and the United
Nations Population Division, publishes annual estimates
of national neonatal, infant and under-five mortality rates
[1] which are adjusted for bias due to AIDS [16,17]. In
addition, the Institute of Health Metrics and Evaluation
(IHME) have modelled national-level trends in mortality
rates with methods recently updated for the Global
Burden of Disease Study 2010 [18,19].pyright © Lippincott Williams & Wilkins. UnauthoIn this analysis, we compare national estimates for
all-cause neonatal, postneonatal, and under-five mortality
as well as the proportion of under-five child deaths due to
AIDS between 1990 and 2011 to assess South Africa’s rate
of progress towards MDG 4 for child survival to 2015
and beyond.Methods
Comparison of models and estimated trends in
under-five deaths due to AIDS
We compared the three models used to estimate child
deaths due to AIDS in South Africa: ASSA2008, the
UCT paediatric HIV model, and Spectrum. Compari-
sons were made across three dimensions: (1) demographic
assumptions (base year; base population and age
distribution; migration; non-AIDS mortality); (2) HIV
epidemiological assumptions (HIV prevalence amongst
pregnant and lactating women; time to death without
ART, rates of mortality with ART; perinatal transmission
rates; postnatal transmission rates; heterosexual trans-
mission rates); and (3) prevention and treatment
interventions [infant feeding; condom usage; effective-
ness, type and coverage of prevention of mother-to-child
transmission (PMTCT) of HIV regimens; cotrimoxazole,
status of ART rollout]. Each model was run using the
most recent version available at the time of analysis
(Spectrum 4.50 beta 5, May 2012; ASSA 2008, March
2011; UCT model, May 2013) to generate the trend in
U5MR and the number of deaths in children under-five
due to AIDS from 1990 to 2011. All estimates were
converted to reflect calendar years.
The model inputs and structure contain notable
differences (Table 1, with more detail included in
Supplemental Digital Content 1, http://links.lww.-
com/QAD/A377). HIV survival time was assumed to
be significantly shorter in Spectrum than in the
ASSA2008 and UCT models. Spectrum assumes higher
mortality among those on ART, which includes the
mortality of those lost to follow-up. Spectrum assumes a
33% reduction in mortality for those children receiving
cotrimoxazole and ART while UCT and ASSA2008
models do not allow for the effect of cotrimoxazole. The
assumed transmission rates according to PMTCTregimen
were similar across the models but the coverage levels
were different. Spectrum assumed close to 100% of HIV-
positive women received some sort of prophylaxis while
the ASSA2008 model and UCT model assumed 75 and
95% of HIV-positive women received prophylaxis,
respectively. The number of children starting ART
(Spectrum) or becoming eligible for ART (ASSA2008
and UCTmodel) differs across the three models, with the
UCT model higher than both Spectrum and ASSA2008.
Finally, coverage of breastfeeding also varied across
models. Spectrum used data from the 2003 Demographicrized reproduction of this article is prohibited.
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
Child mortality due to AIDS in South Africa Kerber et al. 2639
T
ab
le
1
.
M
o
d
el
s
es
ti
m
at
in
g
ch
il
d
h
o
o
d
d
ea
th
s
d
u
e
to
A
ID
S
fo
r
So
u
th
A
fr
ic
a.
M
o
d
el
n
am
e
V
er
si
o
n
C
h
il
d
h
o
o
d
m
o
rt
al
it
y
as
su
m
p
ti
o
n
s
B
ri
ef
d
es
cr
ip
ti
o
n
P
M
T
C
T
an
d
ch
il
d
h
o
o
d
H
IV
in
te
rv
en
ti
o
n
s
m
o
d
el
le
d
N
o
n
-A
ID
S
m
o
rt
al
it
y
A
ID
S
m
o
rt
al
it
y
Sp
ec
tr
u
m
U
N
A
ID
S
m
o
d
el
[1
5
]
v.
4
.5
0
b
et
a
5
,
M
ay
2
0
1
2
U
N
P
o
p
u
la
ti
o
n
D
iv
is
io
n
2
0
1
0
n
o
n
-A
ID
S
re
vi
si
o
n
b
as
ed
o
n
U
N
Ea
st
A
si
a
li
fe
ta
b
le
M
o
rt
al
it
y
is
d
is
tr
ib
u
te
d
ev
en
ly
ac
ro
ss
1
–
1
1
m
o
n
th
s
w
it
h
1
%
al
lo
ca
te
d
to
0
–
1
m
o
n
th
Sp
ec
tr
u
m
is
a
m
o
d
u
la
r
co
m
p
u
te
r
p
ro
gr
am
m
e
d
es
ig
n
ed
to
ex
am
in
e
th
e
im
p
ac
t
o
f
in
te
rv
en
ti
o
n
s
o
n
h
ea
lt
h
o
u
tc
o
m
es
.
T
h
e
co
re
o
f
Sp
ec
tr
u
m
is
a
d
em
o
gr
ap
h
ic
p
ro
je
ct
io
n
m
o
d
el
,
ca
ll
ed
D
em
P
ro
j,
w
h
ic
h
p
ro
je
ct
s
th
e
p
o
p
u
la
ti
o
n
b
y
ag
e
an
d
se
x
P
M
T
C
T
in
cl
u
d
in
g
si
n
gl
e
d
o
se
n
ev
ir
ap
in
e
(s
d
N
V
P
),
d
u
al
p
re
ve
n
ti
o
n
,
m
at
er
n
al
H
A
A
R
T
),
p
ae
d
ia
tr
ic
H
A
A
R
T
,
co
tr
im
o
xo
zo
le
,
b
re
as
tf
ee
d
in
g
N
eo
n
at
al
m
o
rt
al
it
y
n
o
t
li
n
ke
d
to
A
ID
S
p
ro
je
ct
io
n
s
M
ed
ia
n
su
rv
iv
al
ti
m
e
if
in
fe
ct
ed
p
er
in
at
al
ly
:
1
.1
ye
ar
s
T
h
e
A
ID
S
Im
p
ac
t
M
o
d
u
le
(A
IM
)
p
ro
je
ct
s
th
e
co
n
se
q
u
en
ce
s
o
f
th
e
A
ID
S
ep
id
em
ic
in
cl
u
d
in
g:
th
e
n
u
m
b
er
o
f
p
eo
p
le
in
fe
ct
ed
w
it
h
H
IV
,
A
ID
S
d
ea
th
s,
th
e
n
u
m
b
er
o
f
p
eo
p
le
n
ee
d
in
g
tr
ea
tm
en
t,
an
d
th
e
n
u
m
b
er
o
f
o
rp
h
an
s
M
ed
ia
n
su
rv
iv
al
ti
m
e
if
in
fe
ct
ed
p
o
st
n
at
al
ly
:
9
.4
ye
ar
s
T
h
e
P
M
T
C
T
m
o
d
u
le
ex
am
in
es
th
e
im
p
ac
t
o
f
d
if
fe
re
n
t
p
ro
gr
am
m
es
in
te
n
d
ed
to
re
d
u
ce
th
e
tr
an
sm
is
si
o
n
o
f
H
IV
fr
o
m
m
o
th
er
s
to
th
ei
r
n
ew
b
o
rn
ch
il
d
re
n
M
o
rt
al
it
y
p
er
ye
ar
is
0
.1
5
in
th
e
fi
rs
t
ye
ar
o
n
A
R
T
,
0
.0
7
in
su
b
se
q
u
en
t
ye
ar
s
U
n
iv
er
si
ty
o
f
C
ap
e
T
o
w
n
p
ae
d
ia
tr
ic
H
IV
m
o
d
el
[1
3
]
D
ec
em
b
er
2
0
1
0
w
it
h
p
ro
gr
am
m
e
d
at
a
u
p
d
at
ed
to
M
ay
2
0
1
3
B
as
ed
o
n
A
SS
A
2
0
0
3
m
o
d
el
H
IV
m
o
rt
al
it
y
is
d
is
tr
ib
u
te
d
ac
ro
ss
d
if
fe
re
n
t
m
o
n
th
ly
in
te
rv
al
s
b
as
ed
o
n
a
co
n
vo
lu
ti
o
n
o
f
2
M
ak
eh
am
d
is
tr
ib
u
ti
o
n
s
(l
ea
d
in
g
to
p
ea
k
in
H
IV
d
ea
th
s
in
th
e
3
rd
m
o
n
th
o
f
li
fe
)
M
o
d
el
si
m
u
la
te
s
m
o
th
er
-t
o
-c
h
il
d
tr
an
sm
is
si
o
n
o
f
H
IV
,
d
is
ea
se
p
ro
gr
es
si
o
n
an
d
d
ea
th
o
f
H
IV
-i
n
fe
ct
ed
ch
il
d
re
n
<
1
5
ye
ar
s
o
f
ag
e
sd
N
V
P
,
Z
D
V
,
Z
D
V
þ
sd
N
V
P
,
m
at
er
n
al
H
A
A
R
T
,
m
at
er
n
al
H
A
A
R
T
,
ex
cl
u
si
ve
b
re
as
tf
ee
d
in
g,
re
p
la
ce
m
en
t
fe
ed
in
g
M
o
d
el
s
n
eo
n
at
al
m
o
rt
al
it
y
as
a
co
n
st
an
t
fr
ac
ti
o
n
o
f
n
o
n
-A
ID
S
in
fa
n
t
m
o
rt
al
it
y
M
ed
ia
n
su
rv
iv
al
ti
m
e
if
in
fe
ct
ed
p
er
in
at
al
ly
:
3
.6
ye
ar
s
Fi
tt
ed
to
So
u
th
A
fr
ic
an
d
at
a
so
u
rc
es
in
cl
u
d
in
g
ag
e-
sp
ec
ifi
c
p
ae
d
ia
tr
ic
H
IV
p
re
va
le
n
ce
d
at
a
fr
o
m
tw
o
n
at
io
n
al
h
o
u
se
h
o
ld
su
rv
ey
s
fr
o
m
2
0
0
5
an
d
2
0
0
8
,
as
w
el
l
as
P
M
T
C
T
p
ro
gr
am
m
e
co
ve
ra
ge
d
at
a,
p
re
-A
R
T
su
rv
iv
al
d
at
a,
an
d
A
R
T
p
ro
gr
am
m
e
st
at
is
ti
cs
M
ed
ia
n
su
rv
iv
al
ti
m
e
if
in
fe
ct
ed
p
o
st
n
at
al
ly
:
1
4
.6
ye
ar
s
A
R
T
m
o
rt
al
it
y
p
er
ye
ar
va
ri
es
in
re
la
ti
o
n
to
ag
e
at
A
R
T
in
it
ia
ti
o
n
,
ti
m
e
si
n
ce
A
R
T
in
it
ia
ti
o
n
an
d
d
is
ea
se
st
ag
e
at
ti
m
e
o
f
A
R
T
in
it
ia
ti
o
n
Copyright © Lippincott Williams & Wilkins. Unautho
2640 AIDS 2013, Vol 27 No 16
T
ab
le
1
(c
o
n
ti
n
u
ed
)
M
o
d
el
n
am
e
V
er
si
o
n
C
h
il
d
h
o
o
d
m
o
rt
al
it
y
as
su
m
p
ti
o
n
s
B
ri
ef
d
es
cr
ip
ti
o
n
P
M
T
C
T
an
d
ch
il
d
h
o
o
d
H
IV
in
te
rv
en
ti
o
n
s
m
o
d
el
le
d
N
o
n
-A
ID
S
m
o
rt
al
it
y
A
ID
S
m
o
rt
al
it
y
A
SS
A
2
0
0
8
m
o
d
el
[1
4
]
M
ar
ch
2
0
1
1
M
o
rt
al
it
y
ra
te
s
tr
en
d
d
o
w
n
w
ar
d
fr
o
m
1
9
8
5
b
as
e
ra
te
s
[2
0
]
M
ed
ia
n
su
rv
iv
al
ti
m
e
if
in
fe
ct
ed
p
er
in
at
al
ly
:
2
.3
ye
ar
s
C
o
m
b
in
ed
co
h
o
rt
co
m
p
o
n
en
t
p
ro
je
ct
io
n
m
o
d
el
an
d
ep
id
em
io
lo
gi
ca
l
m
o
d
el
,
w
h
ic
h
d
yn
am
ic
al
ly
m
o
d
el
s
h
et
er
o
se
xu
al
H
IV
tr
an
sm
is
si
o
n
b
et
w
ee
n
ad
u
lt
s
an
d
m
o
th
er
-t
o
-c
h
il
d
H
IV
tr
an
sm
is
si
o
n
.
C
al
ib
ra
te
d
to
b
e
co
n
si
st
en
t
w
it
h
p
re
va
le
n
ce
su
rv
ey
s
an
d
re
gi
st
er
ed
d
ea
th
s
(c
o
rr
ec
te
d
fo
r
in
co
m
p
le
te
re
gi
st
ra
ti
o
n
)
P
ae
d
ia
tr
ic
H
A
A
R
T
,
P
M
T
C
T
n
cl
u
d
in
g
sd
N
V
P
,
Z
D
V
þN
V
P
,
fo
rm
u
la
fe
ed
in
g
N
eo
n
at
al
m
o
rt
al
it
y
n
o
t
co
n
si
d
er
ed
M
ed
ia
n
su
rv
iv
al
ti
m
e
if
in
fe
ct
ed
p
o
st
n
at
al
ly
:
1
1
.2
ye
ar
s
A
R
T
m
o
rt
al
it
y
p
er
ye
ar
is
0
.1
2
7
in
fi
rs
t
ye
ar
o
f
A
R
T
an
d
0
.0
3
7
in
su
b
se
q
u
en
t
ye
ar
s
N
V
P
,
n
ev
ir
ap
in
e,
P
M
T
C
T
,
p
re
ve
n
ti
o
n
o
f
m
o
th
er
-t
o
-c
h
il
d
tr
an
sm
is
si
o
n
;
U
C
T
,
U
n
iv
er
si
ty
o
f
C
ap
e
T
o
w
n
;
Z
D
V
,
zi
d
o
vu
d
in
e.
M
o
re
d
et
ai
ls
o
n
th
e
m
o
d
el
in
p
u
ts
ar
e
in
cl
u
d
ed
as
Su
p
p
le
m
en
ta
l
D
ig
it
al
C
o
n
te
n
t
1
,
h
tt
p
:/
/l
in
ks
.l
w
w
.c
o
m
/Q
A
D
/A
3
7
7
.and Health Survey [12] to estimate breastfeeding patterns
and applied those patterns to all HIV-positive women
while the ASSA2008 and UCTmodels assumed that 50%
of women who are HIV-diagnosed were formula feeding.
Assumptions around non-AIDSmortality differ across the
models. Non-AIDS mortality is accounted for in the
ASSA2008 and the UCT models by assuming that rates
trend monotonically downward from base rates in 1985
set equal to those estimated by Dorrington et al. [20] in
such a way that the all-cause rates from the ASSA2008
model was consistent with those estimated from national
population-based surveys [14]. The Spectrum model uses
South Africa-specific non-AIDS mortality from the 2010
World Population Prospects which assumes the mortality
derives from a model life table, on the assumption that
non-AIDS life expectancy increases at a steady rate over
time [21].
The annual under-five mortality rate (U5MR) estimated
by each of the AIDS models was compared with two
national estimates of trends produced by global models
developed by IHME [19] and UN-IGME [1]. The input
data used for the UN-IGME trend includes national
household surveys from 1990, 1998, and 2007 [1]. For
settings with HIV prevalence in the general population
greater than 5% at any point from 1980 onwards, UN-
IGME adjusted estimates to account for selection bias
resulting from AIDS deaths [16]. The estimates from
IHME used the same input sources as UN-IGME and the
1996 Census, the 2003 Demographic and Health Survey,
the 1993World Bank Living Standards and Measurement
Study, and vital registration from 1998 to 2009 [22].
Given the increasing importance of deaths in the first
month of life to overall child survival [1], neonatal
mortality was compared between the UCT model (the
only AIDS model which also estimated NMR), IHME
and UN-IGME.
Comparison of modelled estimates with
empirical data
We compiled available data on national neonatal,
postneonatal, and child mortality rates and created a
database of all sources identified according to year. The
mortality levels and proportion of estimated under-five
deaths due to AIDS from the models were compared with
all the identified data, including vital registration as well as
estimates derived from the national Rapid Mortality
Surveillance database maintained by the South African
Medical Research Council which enables monthly
monitoring of the number of deaths recorded on the
National Population Register [23]. Child mortality data
from household surveys, health and demographic
surveillance sites (HDSS), the district health information
system, and facility-based audit systems were also
considered (Table 2). In particular, information on
55 402 newborn deaths between 2000 and 2011 capturedrized reproduction of this article is prohibited.
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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sin the Perinatal Problem Identification Programme
(PPIP) [24] database and 28 837 deaths amongst children
under 5 between 2005 and 2011 from the Child
Healthcare Problem Identification Programme (Child
PIP) [25] database were extracted.Results
Comparison of estimated trends in AIDS-related
under-five deaths
Despite the different assumptions and input data in the
three AIDS models, the trend since the start of the HIV
epidemic followed a similar pattern. The estimated
proportion of child deaths due to AIDS reached a peak of
37–39% around 2005–2006 with a sharp decline towards
the end of the decade (Fig. 1). There is less consistency
between models in recent years; the estimated proportion
of deaths in children under-five due to AIDS in 2011
ranged from 11.2% (plausibility bounds 9.3–14.3%) in
Spectrum and 19.8% in ASSA2008, to 24.3% (95%
confidence interval 19.9–28.0%) in the UCT model.
The Spectrum and ASSA2008 models predict a faster
decline in child deaths due to AIDS than the UCTmodel.
Reporting of AIDS as a cause of death in vital registration
is highlighted in Figure 1 and follows a very different
trend than the modelled estimates. Amongst children less
than 5 years of age, only 778 (1.5%) deaths in 2009 were
attributed to AIDS, with no significant change since the
start of the HIV epidemic. This proportion rises to 6.8%
when common pseudonyms for AIDS are included.
The national audit programmes are not designed to
provide population-representative mortality data but the
large number of births and deaths provide importantrized reproduction of this article is prohibited.
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Fig. 1. Trend in percentage of under-five deaths in South
Africa due to AIDS in South Africa. ASSA, Actuarial Society
of South Africa; UCT, University of Cape Town; VR, vital
registration.
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Fig. 2. Under-five mortality rate trends in South Africa,
1990–2011. ASSA, Actuarial Society of South Africa; IHME,
Institute of Health Metrics and Evaluation; Nat Pop Reg,
National Population Register; UCT, University of Cape Town;
UN-IGME, United Nations Interagency Group for Mortality
Estimation; VR, vital registration.information on the causes of death over time. The Child
PIP mortality audit data confirms the trend in childhood
AIDS deaths seen in the modelled estimates. Although
26.2% of over 4300 deaths captured through Child PIP in
2011 had an unknown HIV lab status, this is a decline
from 43.0% in 2005 and demonstrates increasing rates of
HIV testing and reporting. The proportion of HIV-
infected children who died (either with a positive lab
status or a clinical staging of III or IV if lab diagnosis was
not available) has decreased from 52.8% in 2005 to 25.2%
in 2011. The trend followed a similar rate of decline as the
modelled estimates but remains significantly higher,
perhaps due to the concentration of health facilities
participating in Child PIP in KwaZulu-Natal province
(37.6% of all deaths audited) and Mpumalanga province
(23.6% of all deaths audited) which have the highest rates
of HIV prevalence in the country. The audit data did not
show substantial changes in other causes of child death
over this time period.Copyright © Lippincott Williams & Wilkins. Unaut
Table 3. Average rate of reduction per year for U5MR, NMR and childre
Spectrum UCT model
Under-five mortality rate reduction
1990–2011 0.8% 1.3%
2006–2011 8.6% 7.0%
1–59 month mortality rate reduction
1990–2011 – 0.9%
2006–2011 – 8.1%
Neonatal mortality rate reduction
1990–2011 – 2.3%
2006–2011 – 3.4%
IHME, Institute of Health Metrics and Evaluation; UCT, University of Cape
MColumn reflects average annual rate of reduction to 2010.Verbal autopsy has been used to identify AIDS-related
mortality using either physician coding or probabilistic
modelling to derive cause of death [26]. At the Africa
Centre for Health and Population Studies in KwaZulu-
Natal, HIV-related deaths contributed 41% of all deaths
amongst children under-five at first measurement in
2000, peaking in 2002 at 46%, and then declining to a low
of 19% in 2010. Of 1035 under-five deaths captured
between 2000 and 2010, 367 (35.5%) were attributed to
HIV (M.-L. Newell and K. Herbst, personal communi-
cation). Similarly, childhood AIDS deaths at the
Agincourt HDSS site in Mpumalanga province peaked
at 38.7% of all child deaths in 2005 with a subsequent
decline to 9.1% in 2010 (P. Byass and K. Kahn, personal
communication).
Under-five mortality trends
The trends in under-five mortality rates are consistent
across sources with the U5MR increasing through the
1990s, peaking between 2004 and 2005 across all
estimates, and thereafter declining rapidly (Fig. 2). All
estimates of U5MR are within the uncertainty range of
the UN-IGME estimates. The average rate of reduction
(ARR) of U5MR between 1990 and 2011 was slow
across all estimates, ranging from a low of 0.8% per year
according to Spectrum to 1.4% per year according to
ASSA2008 and UN-IGME (Table 3). The ARR across
the two decades masks the increasing mortality rate in the
first part of the past decade and the rapid decline since
2006. Between 2000 and 2005, all estimates suggest an
increase in mortality, but the ARR between 2006 and
2011 demonstrate an extremely rapid turnaround. Data
from vital registration and the Rapid Mortality Surveil-
lance system echo this recent decline with the U5MR
falling from 68.9 in 2006 to 42.2 in 2011, resulting in an
ARR of 10.3% per year [23].
Neonatal mortality trends
Of the three AIDS models reviewed, only the UCT
paediatric HIV model estimates NMR. This output was
compared against UN-IGME and IHME estimates and
vital registration data. The UN-IGME NMR trend
remains higher than the trend from the UCT model buthorized reproduction of this article is prohibited.
n aged 1–59 months.
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Town; UN-IGME, UN Interagency Group for Mortality Estimation
Co
2644 AIDS 2013, Vol 27 No 16
0
5
10
15
20
25
30
1990 1995 2000 2005 2010
N
eo
na
ta
l m
or
ta
lit
y 
pe
r 1
00
0 
liv
e 
bi
rth
s
Year
UN-IGME
VR (registered deaths)
UCT model
IHME-GBD
VR (adjusted for completeness) VR (Rapid Mortality
Survey-DHIS)
Fig. 3. Neonatal mortality rate trends in South Africa, 1990–
2011. DHIS, District Health Information System; IHME, Insti-
tute of Health Metrics and Evaluation; UCT, University of
Cape Town; UN-IGME, United Nations Interagency Group
for Mortality Estimation; VR, vital registration.both show minimal decline over the past two decades
(Fig. 3). The IHME NMR estimates follow the IHME
U5MR trend with a peak in 2005. The rate of decline for
neonatal mortality is significantly slower than under-five
mortality after the neonatal period (Table 3). The ARR
for NMR between 1990 and 2011 is 2.3% per year
predicted by the UCTmodel, compared to 1.5% per year
predicted by UN-IGME (Table 3). Data from vital
registration combined with data from the District Health
Information System confirms slow progress and suggests
that the NMR has been virtually stagnant over the past
decade [23]. Contrary to other estimates and empirical
data, the neonatal ARR according to IHME between
1990 and 2010 is 7.2% per year.Discussion
To our knowledge this is the first analytical comparison of
AIDS models estimates and national and global data for
the under-five mortality trends and child deaths due to
AIDS in South Africa over this critical time period. In
2005, South Africa was one of only four countries
globally with an under-five mortality rate higher than the
1990 baseline for the Millennium Development Goals.
Over the past 5 years, all models and data sources agree
that the nation has achieved one of the fastest rates of child
mortality reduction in the world. This rapid decline is
likely due to reduction in AIDS deaths through the scale
up of PMTCT and expanded roll-out of ART services.
Given the different assumptions across the three AIDS
models we expected wider variation in the mortality
output estimates. Yet in terms of the overall trajectory
since the start of the HIV epidemic there is consistencypyright © Lippincott Williams & Wilkins. Unauthoacross the three AIDS models (Figs. 1 and 2). The rate at
which AIDS deaths declined as a proportion of all child
deaths was fastest in Spectrum. The UCT model
predicted the highest proportion of child deaths due to
AIDS in the most recent years. This could be due to the
fact that the UCT model assumes a greater proportion of
deaths in children infected vertically occur after the first
year of life, with the result that AIDS deaths take longer to
respond to changes in perinatal transmission rates
compared with the other models. Additionally, the
younger age distribution of paediatric ART initiation in
the Spectrum and ASSA2008 models would lead to a
faster decline in deaths in children under 5 years of age
compared with the UCT model. In light of new
programme data since the ASSA2008 release [27], ASSA
has cautioned users to be aware that the model is likely to
overstate the extent of recent AIDS mortality. AIDS
deaths in ASSA2008 begin to level off after 2010
reflecting the absence of any allowance for new strategies
in ASSA2008 (e.g. triple-drug prophylaxis in pregnant
women, nevirapine prophylaxis in breastfed children and
early ART initiation in infants). Furthermore, the
ASSA2008 model assumes a lower percentage of women
received HIV testing than recent data suggest, and neither
ASSA2008 nor the UCT model allows for low rates of
transmission amongst mothers who were on ART prior
to conception.
The UN-IGME and IHME Global Burden of Disease
Study 2010 estimates follow the same U5MR trend as the
AIDS models, with levels peaking mid-decade followed
by a rapid decline. The Global Burden of Disease Study
2010 estimates for South Africa address the increase in
completeness in registration over the past decade, a
problem that plagued previous IHME estimates [28]. This
concurrence across sources is new and may serve to
minimize confusion among health planners and pro-
grammers. An ongoing collaborative and country-driven
process defined by these criteria will further improve
existing models as well as the quality of empirical data.
Given the accelerated pace of programmatic change,
there is an increased urgency for frequent, reliable
empirical data at national, provincial, and ideally, district
level for rational health planning. Misclassification of
AIDS deaths is still a major cause for concern in the vital
registration data. Improvements in South Africa’s death
registration data systems include strengthening of the
current vital registration system as well as regular
household surveys with full pregnancy histories and
sibling survival histories. In order to improve the quality
of vital registration data, training in accurate completion
of death certificates is critical, particularly the identifi-
cation of AIDS as the underlying cause of death when
appropriate. There is also scope to consider a verbal
autopsy system for child deaths, which are reported
outside health facilities and certified by someone other
than a medical practitioner [2].rized reproduction of this article is prohibited.
Child mortality due to AIDS in South Africa Kerber et al. 2645Officially, South Africa remains one of the countries
making ‘insufficient progress’ to achieve the Millennium
Development Goal 4 U5MR target of 21 by 2015 [1].
Between 1990 and 2005 South Africa’s rate of progress
was worse than conflict-ridden countries of Iraq, Somalia
and the Democratic Republic of the Congo. However,
mortality has declined significantly since themiddle of the
last decade and South Africa’s average annual rate of
decline between 2006 and 2011 (10.3% according to
UN-IGME) is the fourth fastest globally, with Rwanda
being the only country in the region to achieve faster
progress [1]. The recent rate of decline is similar to
improvement in other middle-income countries lauded
for progress in reducing child mortality such as Brazil
(ARR of 8.1%) and China (ARR of 8.5%).
Although interventions to address HIV/AIDS have been
undertaken in the broader context of the district health
system, mortality audit data and sample sites across the
country also indicate that these interventions have
reduced AIDS deaths without a significant knock-on
effect for other causes of child death. The trajectory for
child survival has shifted as PMTCT services and ART
have become more widely available (Fig. 4) [13]. Access
to treatment and improved survival rates have meant that
the overall HIV prevalence amongst women attending
antenatal care has not changed significantly nationally
since 2005 [29]. Uptake of PMTCT services is high, with
more than 98% of women getting tested for HIV duringCopyright © Lippincott Williams & Wilkins. Unaut
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Data sources: HIV prevalence amongst pregnant women [29]; H
Spectrum. ARV, antiretroviral; PMTCT, prevention of mother-to-chpregnancy and 92% of HIV-positive mothers receiving
peripartumARTor prophylaxis in 2010 [27]. The decline
in the rate of vertical transmission before 6 weeks has
exceeded expectations and has led to calls for the
elimination of perinatal HIV transmission, but there is
more work to be done. Significant variability remains in
PMTCT service coverage and quality across the country
and the scale-up of child ART has been slower than
PMTCT services [13]. In addition, the potential of
postnatal transmission through breastfeeding must con-
tinue to be addressed in light of the welcome policy shift
towards exclusive breastfeeding since 2010.
As non-AIDS deaths contribute an increasing proportion
of under-five deaths, addressing these with a similar
fervour to that shown to HIV/AIDS is a vital next step for
the national child survival agenda. Over the past decade,
the evidence does not point to large changes in other
leading causes of death such as diarrhoea or pneumonia,
or neonatal deaths [30]. The 2009 introduction of the
rotavirus and pneumococcal conjugate vaccines have
likely contributed to subsequent mortality decline but the
full impact likely would not be seen during the period
under analysis due to a slow start to rollout and low
coverage. South Africa’s rates of immediate (within the
first hour after birth) and exclusive breastfeeding are
amongst the lowest in the world [10] and suggest a need
for increased attention to this important intervention.
The confusion around appropriate breastfeeding messageshorized reproduction of this article is prohibited.
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poorer outcomes for HIV-negative children. An inter-
sectoral approach to address water and sanitation, food
security and improved access to social grants though a
continuum of care that links care during pregnancy,
childbirth, the postnatal period and childhood is required
to target the country’s remaining preventable deaths.
Both the data and programmatic action remains a
challenge for neonatal deaths in particular (Panel 1).
Although the UCT model and national data show NMR
levels low and stagnant, UN-IGME suggests a higher level
of NMR with slow progress. IHME estimates suggest
rapid recent change in line with the U5MR trend but this
is not based on the non-AIDSU5MR [28,31–35]. Across
all available data the ARR for NMR over the second half
of the last decade is slower than the reduction in deathspyright © Lippincott Williams & Wilkins. Unautho
Panel 1: Challenges in assessing neonatal mort
Under-five mortality as a basis for neonatal
mortality rate estimate given high HIV prevalence
H
A challenge faced by all models that use all-cause infant or
under-five mortality as the basis for estimating NMR is
that changes in coverage of interventions that selectively
target postneonatal child deaths alone (e.g. use of oral
rehydration solution for childhood diarrhoea, or paedia-
tric ART to prevent deaths due to AIDS) might lead to
inaccurate NMR estimates. The use of U5MR may
under- or over-estimate true NMR given the different
cause of death profile and effective interventions amongst
children in the first month of life compared with children
after the first month of life. For countries with a gener-
alized HIV epidemic, the overestimation of AIDS deaths
in the first month has been corrected in the UCT model
and by UN-IGME by estimating NMR using the non-
AIDS component of the infant and under-five mortality,
respectively. Estimates from IHME do not use the non-
AIDS component resulting in a likely overestimation of
mortality especially when AIDS deaths were at their peak.
E
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namongst children aged 1–59 months. The proportion of
under-five deaths that occur in the neonatal period is
increasing, making causes of death in the first month of
life even more important to consider.
After years of rising mortality rates, the mortality picture
for South Africa’s children has shifted drastically. Opaque
and conflicting messages have been replaced by data that
can be used for action and accountability. It is unlikely
that South Africa will achieve the MDG 4 target by the
2015 deadline but at the current pace, the target would
be met before the end of the decade. Continued efforts
to eliminate paediatric HIV transmission are essential,
but failure to address other aspects of care including
integrated high quality maternal and neonatal care
means that child survival progress could stall even before
2015.ality in settings with high HIV-prevalence
IV status and neonatal mortality
stimates from UN-IGME reallocate 1% of AIDS
ortality in the first 5 years of life to the neonatal period.
n the UCT model, HIV mortality is distributed across
onthly intervals leading to a peak in HIV deaths in the
hird month of life. The proportion of neonatal deaths
ue to AIDS captured in the vital registration data in 2009
as 1.7%; similar to the proportion of registered deaths
ue to AIDS amongst children aged 1–59 months (2.1%).
here is a need for further examination of the excess
ortality risk of HIV exposure in the neonatal period.
lthough maternal HIV status has been shown to be
ssociated with adverse pregnancy outcomes such as
tillbirth, perinatal mortality and low-birth weight [31],
any of the studies that have examined the link between
dverse pregnancy events and maternal HIV status have
xcluded neonates from the analysis [32,33], included
nly early neonatal deaths [34], or reported on a limited
umber of events [31,35]. The national perinatal and
hild mortality audit databases as well as HDSS offer
rther potential to capture information on excess
ortality and morbidity in HIV-exposed and infected
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